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57 ABSTRACT 
An infrared sensor comprising a sensor substrate 
formed of a semiconducting material and at least one set 
of infrared sensing portions formed one each on the 
opposite surfaces of said sensor substrate, wherein said 
infrared sensing portions are superposed one each on 
bride portions formed on cavities formed one each on 
the opposite surfaces of said sensor substrate. 

14 Claims, 4 Drawing Sheets 
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1. 

INFRARED RADATION SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an infrared radiation sensor 

for noncontact measurement of the temperature of an 
object under test such as tymponic membrane, and a 
method for the production thereof. 

2. Description of the Prior Art 
Recently, various techniques have-been developed 

for the production of infrared radiation sensors advanta 
geously used such as for noncontact type thermometers 
by using the technique for fine processing of semicon 
ductors. The infrared sensor has a construction com 
pleted by forming a micro bridge portion formed on a 
sensor substrate and further forming an infrared radia 
tion sensing portion on the bridge portion. The bridge 
structure which has the thermosensitive portion of de 
vice suspended is after the fashion of a bridge above the 
supporting substrate is intended to improve the sensitiv 
ity of response of the device. 
The infrared radiation sensing portions which are 

used in the infrared sensors may be classified into those 
of the bolometer type having the resistance of a device 
varied proportionately to a change caused in the sensor 
temperature by infrared radiation, those of the thermo 
pile type having the electromotive force of a device 
varied similarly, and those of the pyroelectric type 
having the electromotive force of a device varied pro 
portionately to a change in the dose of infrared radia 
tion. The infrared radiation sensing portions of the bo 
lometer type, among other types, allow miniaturization 
of their sensors as because they are capable of directly 
indicating temperature from the magnitude of resis 
tance. The infrared radiation sensor of the bolometer 
type is generally provided with at least two infrared 
radiation sensing portions, one of which is adapted to 
admit infrared radiation and the other shielded from 
infrared radiation. By deriving a differential output 
between the infrared sensing portion admitting the in 
frared radiation and the infrared radiation sensing por 
tion repelling the infrared radiation, this sensor is en 
abled to detect accurately the net dose of infrared radia 
tion free from electrical noise and thermal disturbance. 

Incidentally, the conventional infrared radiation sen 
sor has these at least two infrared sensing portions 
formed on only one of the opposite surfaces of a semi 
conductor wafer or substrate which serves as the sensor 
substrate. 

Since the conventional infrared radiation sensor has 
at least two infrared sensing portions formed only on 
one of the opposite surfaces of the sensor substrate, it is 
difficult to allow the infrared radiation to impinge 
solely on one of the infrared sensing portions and pre 
vent it from impinging on the other infrared radiation 
sensing portion. From the differential outputs of these 
two infrared radiation sensing portions, therefore, the 
net dose of impinging infrared radiation cannot be accu 
rately detected. The data of determination consequently 
obtained must be subjected to various corrections. Fur 
ther, the conventional infrared radiation sensor has a 
limit to the overall miniaturization thereof because of 
the fact that two or more infrared radiation sensing 
portions are formed on one and the same surface of the 
sensor substrate, coupled with the problem of shielding 
against the infrared radiation. 
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2 
An object of this invention therefore, is to provide a 

novel infrared radiation sensor and a method for the 
production thereof. 
Another object of this invention is to provide an 

infrared radiation sensor which allows generous overall 
miniaturization thereof, enables the infrared radiation to 
impinge infallibly on a specific infrared radiation sens 
ing portion exclusively, and warrants accurate detec 
tion of the dose of infrared radiation and a method for 
the production of the infrared radiation sensor. 

SUMMARY OF THE INVENTION 
These objects are accomplished by an infrared radia 

tion sensor which is provided with a sensor substrate 
formed of a semiconducting material and at least one set 
of infrared radiation sensing portions formed one each 
on the opposite surfaces of the sensor substrate. 
These objects are further accomplished by a method 

for the production of an radiation, infrared sensor, com 
prising a step of advancing a reactive gas into contact 
with a semiconductor substrate thereby depositing an 
inorganic silicon compound film on each of the opposite 
surfaces of the semiconductor substrate, a step of sub 
jecting the inorganic silicon compound film to a pat 
terning treatment, a step of superposing an infrared 
radiation sensing portion on each of the patterned inor 
ganic silicon compound films, and a step of removing 
the semiconductor underlying each of the patterned 
inorganic silicon compound films thereby forming cavi 
ties beneath the films and consequently forming bridge 
portions of the inorganic silicon compound film one 
each on the opposite surfaces of the semiconductor 
Substrate. 
The infrared radiation sensor of this invention allows 

generous miniaturization of itself specifically to one half 
the size of the conventional countertype and enables the 
differential output between the two infrared sensing 
portions on the opposite surfaces thereof to be detected 
accurately and enjoys an effect in improving the accu 
racy of determination because it is so constructed as to 
have infrared radiation sensing films formed one each 
on the opposite surfaces of a semiconductor substrate. It 
is, therefore, used advantageously as a veritably minia 
ture sensor such as, for example, a thermometer adapted 
to measure the body temperature of a user by having a 
sensorportion thereof inserted in the ear. In the infrared 
sensor of this invention, the bridge portions on the op 
posite surfaces of the semiconductor substrate are im 
proved in stress balance and stabilized in structure be 
cause they are formed of a film of an inorganic silicon 
compound, particularly a film of silicon oxynitride. 
Further, the infrared radiation sensor of this invention is 
enabled to acquire ample strength and ideal sensitivity 
because the film of an inorganic silicon compound, 
particularly silicon oxynitride, is given a wall thickness 
in the range between about 0.1 and about 50 pum. The 
method of this invention for the production of an infra 
red radiation sensor produces an effect of notably im 
proving the yield of products because the bridge por 
tions are formed of a film of an inorganic silicon com 
pound, particularly silicon oxynitride. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view illustrating an radiation infrared 
sensor as one embodiment of this invention, 
FIG. 2 is a cross section taken through FIG. 1 along 

the line II-II, and 
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FIGS. 3A to 3G are cross sections jointly illustrating 
a process for the production of the infrared sensor of 
FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The infrared radiation sensor of this invention has 
infrared radiation sensing portions formed one each on 
the opposite surfaces of a sensor substrate. Owing to 
this construction, the total surface area of the sensor 
may be one half that of the conventional sensor in spite 
of the sameness of number of infrared sensing portions 
and the sensor is allowed a generous reduction in size. 
Further, since the infrared sensing portions are distrib 
uted between the opposite surfaces of the sensor sub 
strate, the sensor substrate which intervenes between 
the infrared radiation sensing portions fulfills the role of 
an infrared radiation intercepting member and renders it 
easy to limit the selective impingement of infrared radi 
ation only to the infrared radiation sensing portion on 
one of the opposite surfaces. Owing to the superposition 
of infrared radiation absorbing films one each on the 
infrared radiation sensing portions, the infrared radia 
tion sensing films are improved in efficiency of absorp 
tion and in accuracy of infrared radiation detection. The 
infrared radiation absorbing films are made of gold 
black or carbon, for example, and are desired to have a 
thickness in the range between about 0.3 and about 10 
um, preferably between 0.3 and 2 p.m. 
As the sensor substrate, a semiconductor substrate 

made of silicon or germanium may be used. Preferably, 
a silicon substrate which can be procured easily and 
inexpensively is used. The infrared radiation sensing 
portions are formed of a film of amorphous germanium 
(a-Ge), amorphous silicon (a-Si), or polycrystalline sili 
con, for example. For the formation of the films for the 
infrared sensing portions, spattering, ion beam spatter 
ing, or CVD (chemical vapor-phase growth) method 
may be used, for example. 
The infrared radiation sensor of this invention is pref. 

erable to be produced by a procedure which comprises 
forming bridgeportions (bridges) one each on the oppo 
site surfaces of the sensor substrate and superposing the 
infrared sensing portions one each on the bridge por 
tions. The bridgeportions may be formed of a film of an 
inorganic silicon compound such as, for example, sili 
con oxide (SiO) film, silicon nitride (SiN) film, or 
silicone oxynitride (SiON) film, for example. Prefera 
bly, they are formed of a silicon oxynitride film. The 
silicon oxynitride film combines the qualities of both the 
silicon oxide film and silicon nitride film. It, therefore, 
excels in stress balance and permits formation of stable 
bridge structures. The optimum conditions for the for 
mation of the silicon oxynitride film vary with the par 
ticular kind of the sensor substrate to be used because 
the thermal expansion coefficient of the film varies with 
the orientation of the crystal surface of the material for 
the substrate. 
The thickness of the silicon oxynitride film is prefera 

ble to be in the range between 0.1 and 50 um, preferably 
between about 0.5 and about 5 m. If the thickness is 
less than 0.1 um, the film is too thin to acquire ample 
strength. Conversely, if the thickness exceeds 50 um, 
the film acquires a large thermal capacity and conse 
quently suffers from deficiency in sensitivity. 
The method of this invention for the production of a 

balometer type infrared radiation sensor comprises a 
step of advancing a reactive gas into contact with a 
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4 
semiconductor substrate thereby forming inorganic 
silicon compound films one each on the opposite sur 
faces of the semiconductor substrate, a step of subject 
ing the inorganic silicon compound films formed on the 
opposite surfaces of the semiconductor substrate to a 
patterning treatment, a step of superposing infrared 
radiation sensing portions one each on the patterned 
inorganic silicon compound films, and a step of selec 
tively removing the semiconductor substrates underly 
ing the patterned inorganic silicon compound films 
thereby forming cavities beneath the films and conse 
quently forming bridge portions of inorganic silicon 
compound film one each on the opposite surfaces of the 
semiconductor substrate. 
The formation of the inorganic silicon compound 

films is specifically carried out by the plasma CVD 
method, for example. In the formation of silicon oxyni 
tride films, monosilane (SiH4), nitrogen (N2), and laugh 
ing gas (N2O) are used as reactive gases. Here, by vary 
ing the flow volume ratio of the N2 and N2O gases 
N2/(N2--N2O), the stoichiometric compositions x and 
y of the silicon oxynitride film (SiON) can be con 
trolled, the difference in thermal expansion coefficient 
between the film and the silicon substrate can be sub 
stantially eliminated, and the possible damage by stress 
can be precluded. 
The method employed for the formation of the sili 

con oxynitride film needs not be limited to the plasma 
CVD method. Some other method such as, for example, 
a spattering method may be used instead. By this spat 
tering low pressure CVD method and method, it suf 
fices to form the silicon oxynitride film by using silicon 
oxide as a target. In this case, the composition of the 
silicon oxynitride film can be varied by incorporating 
nitrogen (N2) into the spattering gas such as, for exam 
ple, argon (Ar). 
The patterning on the inorganic silicon compound 

films is carried out by the reactive ion etching method, 
for example. The superposition of the infrared sensing 
portions on the patterned inorganic silicon compound 
films is carried out by the spattering method, ion beam 
spattering method, or CVD method using amorphous 
germanium, amorphous silicon, or polycrystalline sili 
con, for example. 
The formation of the bridge portions is effected by 

selectively removing by etching the sensor substrate 
underlying the patterned inorganic silicon compound 
films with an aqueous solution of hydrazine, potassium 
hydroxide, etc., for example, thereby forming cavities 
beneath the films. 
Now, one embodiment of this invention will be spe 

cifically described below with reference to the accom 
panying drawings. 

FIG. 1 represents a plan structure of an infrared radi 
ation sensor 11 as one embodiment of this invention and 
FIG. 2 is a cross section taken through FIG. 1 along the 
line II-II. 

In this infrared radiation sensor 11, cavities 13 are 
formed one each on the opposite surfaces of a silicon 
substrate 12 as the sensor substrate. Further, on the 
opposite surfaces of the silicon substrate 12, inorganic 
silicon compound films such as, for example, silicon 
oxynitride films 15 severally provided with bridge por 
tions 14 measuring 100 pum in width, 2 mm in length, 
and 2 um in thickness are formed one each on the cavi 
ties 13. Infrared radiation sensing portions 16 are 
formed in the upper central portions of the bridge por 
tions 14. These infrared radiation sensing portions 16 
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are formed of amorphous germanium (a-Ge), for exam 
ple. To the infrared sensing portions 16 are electlrically 
connected one-terminal portions of electrode connect 
ing layers 17. The connecting layers 17 are formed of an 
aluminum (AI) film. The other-terminal portions of 
these connecting layers 17 are integrated with electrode 
pads 18 which are formed in the peripheral portion of 
the silicon substrate 12. On the connecting layers 17, 
inorganic silicon compound films such as, for example, 
silicon oxynitride films 19 are superposed as insulating 
films. On the silicon oxynitride films 19, infrared radia 
tion absorbing films 20 having a thickness of about 0.5 
um are formed so as to cover the infrared sensing por 
tions 16. These infrared absorbing films 20 are intended 
to heighten the infrared radiation sensing portions 16 in 
efficiency of absorption of infrared radiation. They are 
formed of gold black or nichrome, for example. The 
intercepting member 21 such as Ni is formed on the 
cavity 13 so that the infrared radiation from the surface 
of the substrate is sufficiently intercepted. 

In this infrared radiation sensor 11, the magnitude of 
electric resistance of the infrared radiation sensing por 
tions 16 is varied proportionately to the amount of in 
pinging infrared radiation (heat quantity). The amount 
of infrared radiation can be detected by measuring the 
magnitude of electric current flowing through the elec 
trode connecting layers 17 proportionately to the 
change in the magnitude of resistance or the magnitude 
of voltage between the electrode pads 18 by means of a 
signal processing circuit (not shown). In the infrared 
radiation sensor 11 of this embodiment, since the infra 
red radiation sensing portions 16 are distributed be 
tween the opposite surfaces of the silicon substrate 12, 
infrared radiation can be sufficienly intercepted by an 
infrared-intercepting member 21 made of, e.g., nickel 
and renders it easy to limit selective impingement of 
infrared radiation to the infrared radiation sensing por 
tion 16 on one of the opposite surfaces. When the infra 
red radiation is allowed to impinge only on the two 
infrared sensing films 16 on the upper surface, the radia 
tion infrared radiation is not impinged in to the two 
infrared radiation sensing portions 16 on the reverse 
surface of the silicon substrate 12, because it is suffi 
ciently intercepted by the intercepting member 21 made 
of, e.g., nickel. As a result, the differential output be 
tween the infrared radiation sensing portion 16 admit 
ting the impingement of infrared radiation and the infra 
red radiation sensing portion 16 repelling the infrared 
radiation can be accurately obtained. Thus, the infrared 
radiation sensor performs the determination with en 
hanced accuracy. 

Further, owing to the superposition of the radiation 
infrared sensing portions 16 on the opposite surfaces of 
the silicon substrate 12, the total surface area of the 
sensor may be one half that of the conventional sensor 
in spite of the sameness of number of infrared radiation 
sensing portions 16 and the infrared radiation sensor 
allows a generous reduction in size. 

In the infrared radiation sensor 11 of this embodi 
ment, since the bridge portions 14 on the opposite sur 
faces are formed of a single-layer silicon oxynitride film 
15 excelling in stress balance, the possible difference in 
thermal expansion coefficient between the film and the 
silicon substrate 12 can be substantially eliminated. As a 
result, the bridge structures are so stable that the possi 
bility of the structures sustaining damage during the 
process of production is nil. 
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6 
FIGS. 3A to 3G jointly represent a process of pro 

duction of the infrared radiation sensor 11. First, a sili 
con substrate 12 having a crystal face orientation (110) 
as illustrated in FIG. 3A was prepared. Then, silicon 
oxynitride films (SiON) 15 were formed one each in a 
thickness of 2 um on the opposite surfaces of the silicon 
substrate 12 by the plasma CVD method as illustrated in 
FIG. 3B. To be specific, the silicon substrate 12 was 
kept heated at 450° C. and, under the film-forming con 
ditions of 0.45 Torr of pressure and 400W of high-fre 
quency output, the hot silicon substrate 12 was swept 
with reactive gases, i.e. monosilane (SiH4) fed at 15 
SCCM, nitrogen (N2) at 203 SCCM, and laughing gas 
(N2O) at 32 SCCM, for 20 minutes to induce vapor 
phase growth of silicon oxynitride films on the opposite 
surfaces of the silicon substrate 12. 
The silicon oxynitride films 15, on analysis by the 

Rutherford backscattering spectrometric method (RBS 
method), was found to have a composition of Si 
O120No.677. Then, the silicon oxynitride films 15 were 
subjected to a patterning treatment to pattern the bridge 
portions 14 in a crystal orientation of 110 as illustrated 
in the plan structure of FIG. 1. This patterning was 
carried out by the reactive ion etching (RIE) method 
until the underlying silicon substrate 12 was exposed. In 
this etching, methane trifluoride (CHF3) and oxygen 
(O2) were fed as etching gases at respective flow vol 
umes of 47.5 SCCM and 2.5 SCCM under a pressure of 
0.075 Torr at a high-frequency output of 150 W for 
three hours. 

Subsequently, infrared sensing portions 16 were 
formed one each in the central portions of the bridge 
portions 14 on the opposite surfaces as illustrated in 
FIG.3C. To be specific, amorphous germanium (a-Ge) 
films were superposed on the silicon oxynitride films 15 
and silicon substrate 12 by subjecting the films 15 and 
substrate 12 to a spattering treatment using germanium 
(Ge) as a target. This spattering was carried out by 
feeding argon (Ar) at flow volumes of 4 SCCM under a 
pressure of 5X10-3 Torr at a high-frequency pressure 
of 200 W for 10 minutes. Then, the superposed amor 
phous germanium films were subjected to an annealing 
treatment at 500 C. to accelerate polycrystallization of 
the amorphous germanium. The resultant polycrystal 
lized amorphous germanium films were patterned by a 
reactive ion etching treatment. 
By the vacuum deposition method at 150 C., alumi 

num films were deposited one each in a thickness of 0.5 
um on the opposite surfaces of the silicon substrate 12. 
The aluminum films were subjected to a patterning 
treatment to form electrode connecting layers 17 and 
electrode pad portions 18 as illustrated in FIG. 3D. 

Subsequently, insulating films such as, for example, 
silicon oxynitride films 19, were formed one each in a 
thickness of 1 um on the opposite surfaces of the silicon 
substrate 12 except for the regions of the electrode pad 
portions 18 as illustrated in FIG. 3E. The formation of 
these films was performed under the same conditions as 
those used in the step of FIG. 3B for 10 minutes. Then, 
radiation infrared absorbing films 20 were formed one 
each in a thickness of 0.5 um on the silicon oxynitride 
films 19 by the liftoff method as illustrated in FIG. 3F. 
To be specific, the infrared radiation absorbing films 20 
were selectively formed by coating the silicon oxyni 
tride films 19 each with a positive resist film, patterning 
the positive resist films, vacuum depositing gold black 
thereon under a pressure of 0.2 Torr, and thereafter 



5,404,125 
7 

removing the positive resist films in conjunction with 
unnecessary portion of gold black. 

Further, the silicon substrate 12 underlying the 
bridge portions on the opposite surfaces was selectively 
removed by etching to form cavities 13 as illustrated in 
FIG. 3G. This removal was effected by the anisotropic 
etching method using an aqueous hydrazine solution. 
Optionally, an aqueous potassium hydroxide solution 
may be used for this anisotropic etching method. Fi 
nally, the surface of the silicon substrate is selectively 
plated with a nickel film in a thickness of 0.5um at the 
cavities 13 by monelectrolytic plating to form infrared 
intercepting film 21 and an infrared radiation sensor 
having a cross section as shown in FIG. 2. 
By the procedure described above, there was pro 

duced an infrared radiation sensor which was provided 
on each of the opposite surfaces thereof with a bridge 
portions 14 formed of a silicon oxynitride film and an 
infrared radiation sensing portion 16. 

This invention has been described with reference to a 
working example. This invention needs not be limited to 
this working example but may be altered in various 
respects without departing from the spirit of this inven 
tion. For example, in the working example, the bridge 
portions 14 were formed in a linear shape and con 
structed to be supported at two points. Optionally, they 
may be constructed to be supported at three points for 
the purpose of further enhancing strength. While the 
bridge portions 14 were formed in a flat shape along the 
surface of the silicon substrate 11 in the working exam 
ple, they may be formed in an arouate shape. While the 
bridge portions 14 were formed each with a silicon 
oxynitride film in the working example, they may be 
formed with a silicon oxide film or silicon nitride film. 
Further in the working example, the bridge portions 14 
were formed by the excavating method resorting to the 
anisotropic etching technique. Optionally, they may be 
formed by some other method such as, for example, the 
so-called sacrifice layer method which requires the 
bridge portions 14 to be underlain preparatorily by an 
etching layer. 
What is claimed is: 
1. An infrared radiation sensor comprising (i) a sensor 

substrate having opposite surfaces, said sensor substrate 
being formed of a semiconducting material, and (ii) at 
least one set of infrared radiation sensing portions 
formed on each of the opposite surfaces of said sensor 
substrate. 

2. The infrared radiation sensor according to claim 1, 
which further comprises at least one set of bridge por 
tions on which each of said infrared radiation sensing 
portions are disposed thereon, said bridge portions each 
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being disposed on a least one set of cavities which are 
formed on each of the opposite surfaces of said sensor 
substrate. 

3. The infrared radiation sensor according to claim 2, 
wherein each of said infrared radiation sensing portions 
are coated with an infrared radiation absorbing film. 

4. The infrared radiation sensor according to claim 2, 
wherein each of said bridge portions are formed of a 
film of an inorganic silicon compound. 

5. The infrared radiation sensor according to claim 4, 
wherein said inorganic silicon compound is at least one 
compound selected from the group consisting of silicon 
oxide, silicon nitride, and silicon oxynitride. 

6. The infrared radiation sensor according to claim 4, 
wherein said inorganic silicon compound is silicon oxy 
nitride. 

7. The infrared radiation sensor according to claim 4, 
wherein said inorganic silicon compound film has a 
thickness of 0.1 and 5 um. 

8. The infrared radiation sensor according to claim 1, 
wherein each of said infrared radiation sensing portions 
are formed of at least one member selected from the 
group consisting of amorphous germanium, amorphous 
silicon, and polycrystalline silicon. 

9. The infrared radiation sensor according to claim 3, 
wherein each of said infrared radiation absorbing films 
are formed of gold black or carbon. 

10. The infrared radiation sensor according to claim 
3, wherein the infrared absorbing film has a thickness of 
0.3 to 10 p.m. 

11. The infrared radiation sensor according to claim 
3, wherein the infrared absorbing film has a thickness of 
0.3 to 2 plm. 

12. The infrared radiation sensor according to claim 
2, wherein the sensor substrate is formed from silicon or 
germanium. 

13. The infrared radiation sensor according to claim 
4, wherein said inorganic silicon film has a thickness of 
0.1 to 5 um; said infrared sensing portions are formed of 
a material selected from the group consisting of amor 
phous germanium, amorphous silicon and polycrystal 
line silicon; said infrared sensing portions being coated 
with an infrared radiation absorbing film formed of a 
material selected from the group consisting of gold 
black and carbon and having a thickness of 0.3 to 2 un. 

14. The infrared radiation sensor according to claim 
1, wherein for said at least one set of infrared radiation 
sensing portions, each of said infrared radiation sensing 
portions oppose each other and are longitudinally 
aligned with each other. 
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